Fifty normal mitral valves from adults were studied. Commissures, identified by commissural chordae tendineae and the tips of papillary muscles, partition the mitral valvular tissue into anterior and posterior leaflets. This definition incorporates into the posterior leaflet the structures formerly regarded as accessory leaflets. The posterior leaflet is further divided into scallops by clefts in its tissue. Cleft chordae provide a guide to these interscallop indentations or clefts. Partitioned this way, the posterior leaflet was tri-scalloped in 46 hearts. In 42, a large middle scallop was present with two smaller scallops on either side. Rough and clear zones can be defined on the anterior leaflet and rough, clear, and basal zones on the posterior leaflet.
ALTHOUGH the anatomy of the human mitral valve has been studied closely, the description of the valve varies from textbook to textbookl-8 and from paper to paper.9-'5 For example, there is controversy as to the definition of commissural areas9' 11 and argument as to the number of leaflets.1-' In view of this lack of agreement, we have reinvestigated the anatomy of 50 human mitral valve leaflets.
Methods
The mitral valves of 50 hearts obtained at autopsy were studied. The hearts were selected from patients who had no clinical indication of mitral valve disease and at autopsy the valve looked normal. There were 26 males and 24 females. All were Caucasians whose age varied from 15 to 85 years. The mitral valve apparatus was examined with regard to the morphologic features of (1) the annulus; (2) the valve leaflets; and (3) the areas between the leaflets. Observations were recorded on a diagram. Photographic records were obtained to substantiate and illustrate findings. Transillumination was used to bring out distinctive features of the valvular tissue.
The following measurements were made: (i) the circumference of the opened valve orifice at the base of the leaflets; (ii) the height of each leaflet measured at its center, from free edge to base; (iii) the width of each leaflet measured at its base (distances B to C and D to A' in fig. 1 ).
Measurements were made with a caliper, a metric rule graduated to 1 mm, and surgical silk thread. The latter was used on nonlinear surfaces and subsequently stretched and compared with the metric rule. Results
The mitral valve "consists of a continuous veil inserted around the entire circumference of the mitral orifice. pointed out, the tips of the papillary muscles may be used as guides to identify them. Our ability to define the commissures with certainty came from the recognition of unique commissural chordae tendineae that inserted into these areas in 49 of the 50 hearts16 (figs. 1 and 2). These arise from the tips of the papillary muscle as single stems that branch radially like the struts of a fan to insert into the free margin of the commissural regions ( fig. 2 ). Thus, recognition of the commissural chordae permits division of the valvular tissue into two commissural areas, anterolateral and posteromedial, and two leaflet areas, anterior and posterior (figs. 1 and 3).
The Commissural Areas
The extent of the commissural area was defined by noting the spread of insertion of the fan-like commissural chordal branches (figs. 1 to 3). In some instances, especially on the posteromedial commissure, the chordal branches have a very wide insertion to portions of the adjoining leaflet. Thus, if one considers the widest attachment of the chordal branches as the extent of the commissural area, some leaflet tissue is included in the area. Defined this way, a commissural area has a distinct central portion which is clear on transillumination while at its periphery it merges with the leaflet (fig. 4 ).
The central stem of the posteromedial commissural chorda pointed toward the center of the commissural area in all 50 hearts. This was also true of the anterolateral commissural chordae in 44 of the hearts. In five this chorda was slightly eccentric and pointed toward the anterior cusp; in one heart the anterolateral commissural chorda was absent. The central stem and branches of commissural chordae insert into the free edge of the commissural areas with some of their fibers running within the leaflet substance toward its base.
The height of tissue at the commissural area, measured at its center from the free margin to the valve annulus, and the spread of attachment of commissural chordal branches measured along the free edge of the commissure, are given in table 1. It is seen that the posteromedial commissural area has a wider Circulation, Volume XLIJ, March 1970 spread than the anterolateral one. However, the height of tissue at the center of the commissural areas is comparable.
The Leaflet Areas
Anterior Leaflet
The anterior leaflet has also been called the aortic, septal, greater, or anteromedial leaflet.'1 It is large, either semicircular or triangular, and has a free margin with few or no indentations. This leaflet has, on its atrial surface, a distinct ridge that follows the rim of the leaflet but is 0.8 to 1.0 cm from its free margin. The ridge defines the line of leaflet closure. Distal to the ridge is a palpable rough zone of leaflet tissue. The zone is crescentic, broadest at the lowermost or apical region of the leaflet, and narrow toward the commissural areas (figs. 1 and 2). It is opaque on transillumination and not obvious in the central portion of the commissural areas ( fig.  4 ). During valve closure, the rough zone comes into apposition with its counterpart on the posterior leaflet. Its thickness is, in part, related to abundant chordal insertions in the ventricular surface in this area.
Between the rough zone and the valve annulus, the anterior leaflet is membranous (figs. 1 and 2) and clear on transillumination ( fig. 4 ). This clear zone is devoid of chordal insertions but may, on its ventricular surface, show prolongations of chordal fibers passing from their insertions in the rough zone toward the base of the leaflet. The height and width of the anterior leaflet are given in table 2. The heights of its rough and clear zones are given in table 3 . At the center of the anterior leaflet, the clear zone is approximately twice the height of the rough zone. The anterior leaflet forms an important boundary of the left ventricular outflow tract. It has a common attachment to the cardiac skeleton with the left coronary cusp and half of the noncoronary cusp of the aortic valve. The relationship of the anterior leaflet to the outflow and inflow tracts of the left ventricle has been described by others.1" 17-19
Posterior Leaflet
The posterior leaflet is also called the ventricular leaflet, mural leaflet, smaller leaflet, or the posterolateral leaflet."1 Because of indentations or clefts along its free margin and a lack of exact landmarks, confusion has arisen about its morphologic definition. We define the posterior leaflet as all tissue posterior to the two commissural areas. Thus, we do not accept the concept of accessory cusps. Defined this way the posterior leaflet has a wider attachment to the atrioventricular annulus than the anterior leaflet.
The clefts or indentations along the free margin of the posterior leaflet give it a scalloped appearance (figs. 1 and 5). Generally, each scallop is semi-oval with either a smooth or a finely serrated free margin. The chordae tendineae that insert into the clefts (cleft chordae)16 are quite characteristic and their prior identification helped define the individual scallops ( fig. 5 ). The number of scallops in 50 posterior mitral leaflets is given in table 4 . In 46 hearts, the posterior leaflet was tri-scalloped. In 42 of these a large middle scallop was found with, near the commissural areas, two smaller but comparably sized scallops. These were called the anterolateral and posteromedial commissural scallops. In three of the 46 Three zones can be defined on the posterior leaflet ( fig. 1 ). They are (1) the rough zone; 
Discussion
Most of the controversy about the gross anatomy of the mitral valve leaflets is due to the lack of a clear definition of the commissures and in turn of the posterior leaflet. Rusted's group9 identified the commissures using the tips of the papillary muscles on either side as a guide. The papillary muscles as a landmark for the commissures are particularly useful for the surgeon. This is especially true of the anterolateral papillary muscle because it usually has only one belly. However, the posteromedial muscle frequently has two or more bellies. Thus, confusion as to the extent of the posteromedial commissural area could arise. From a study of mitral valve chordae tendineae it was obvious that commissural chordae were easily identifiable and were useful definitive landmarks for the commissural areas. 16 Definition of the commissural areas makes subsequent anatomic organization of the valvular tissue quite simple-tissue posterior to the commissural areas forms the posterior leaflet and that anterior to the commissural areas, the anterior leaflet (figs. 1 and 3). This subdivision does not vary in principle from that proposed by others,9-11 but our subsequent organization of the posterior leaflet does.
Other observers9-11, 14 agree that the posterior leaflet has indentations and clefts along its free margin, but their interpretation of the tissue so defined varies. Thus, Harken and associates10 found two "additional or commissural leaflets" in 75% of their 35 cases. Rusted and associates9 disagreed on this point and chose to regard the posterior leaflet as a unit. They stated that tiny projections, which they were reluctant to call accessory cusps, were present in only five of the 100 hearts they studied. Yet in the text it is apparent that 14 hearts showed two projections in the parts of the posterior leaflet adjacent to the commissures and 28 hearts showed one projection. In three hearts, the indentation was at the central portion of the leaflet. In the remaining 50 the posterior leaflet was not significantly notched. While we agree with Rusted and associates that the mitral valve has two major leaflets, our findings indicate that the posterior leaflet is constantly notched and is divisible into three scallops in 92% of the hearts examined. We believe that the middle scallop has been mistaken as the entire posterior leaflet and that such terms as "commissural leaflets,'l°" junctional tissue" and "accessory leaflets,"11 are misnomers for the anterolateral and the posteromedial commissural scallops of the posterior leaflet. As is seen from table 2 our measurements of the anterolateral and the posteromedial commissural scallops of the posterior leaflet correspond very well with those given by Chiechi and co-workers" for their "accessory leaflets." Again the height of the middle scallop is comparable to that of the "<posterior cusp" given by Rusted and associates. 9 Observations with hearts on a pulse duplicator indicate that the scallops of a posterior leaflet act in concert, confirming our belief that the whole posterior leaflet functions as a unit.
Functional Significance of the Findings
The fan-like arrangement of the commissural chordae would aid the hinge-like movement that brings anterior and posterior leaflets into contact with the commissural region. We assume that the commissural areas fold and unfold during the closing and opening of the valve.
The posteromedial commissural chorda has thicker and longer branches and a considerably wider spread than its anterolateral counterpart.'6 However, as seen in table 1, the height of valvular tissue in the posteromedial commissural area equals that of the anterolateral commissural area. Possibly, the greater spread of the posteromedial commissural chorda with the short height of valvular tissue in this area would make this region more susceptible to mitral regurgitation. Others have made a similar observation."
The rough zone to clear zone ratio in the anterior leaflet is 0.6, while in the middle scallop of the posterior leaflet it is 1.4 (table 3) . This implies that a greater proportion of the posterior leaflet is in apposition with the anterior leaflet during mitral valve closure.
The posterior leaflet, as defined in this paper, has a wider attachment to the atrioventricular annulus than has the anterior leaflet. This observation is at variance with the general belief that the posterior is the smaller of the two mitral leaflets. It has been said to be smaller because past observers have excluded accessory leaflets from their measurements of the posterior leaflet.9' 11 Clinical Significance of the Findings In five of the 50 mitral valves studied, the main stem of the anterolateral commissural chorda pointed toward the anterior leaflet. This anatomic variation in the point of attachment of the central stem of the commissural chorda should be remembered, since in such cases a commissurotomy may tear some of the anterior leaflet. The posteromedial commissural chorda, however, was always central in location and so would be a more accurate guide in commissurotomy.
Identification of the individual scallops of the posterior leaflet has significance in such states as prolapsed posterior leaflet with mitral regurgitation.2W24 In our laboratories we have observed two patients who, at autopsy, had prolapsed middle scallops of the posterior leaflet ( fig. 6 ). Clinically, both had mitral regurgitation. In one the regurgitation was confirmed at heart catheterization, and a left ventricular cineangiogram in the right anterior oblique projection demonstrated prolapse in the mid-zone of the posterior leaflet.-" We have not observed isolated prolapse of a commissural scallop but suggest that it may occur. Prolapse of commissural scallops should show in cineangiograms as bulges at either extremity of the posterior leaflet area. This presumably was the case in one of the patients reported by Stannard and associates,22 where the prolapsed leaflet shadow in the cineangio-Circulation, Volume XLI, March 1970 gram was seen at the posteromedial extremity of the posterior leaflet. This appearance is compatible with prolapse of the posteromedial scallop. Edwards and Burchell25 described a case of congenital mitral insufficiency associated with "accessory commissure." The fifth figure in their paper illustrates, in our opinion, a prolapsed posteromedial commissural scallop. This would explain the chordal changes described by the authors. The ability to identify prolapse of an individual scallop of the posterior mitral leaflet will help classify and delineate the clinical spectrum of this variety of mitral regurgitation.
